Data indicate that interleukin (IL)-1b and tumor necrosis factor-a (TNFa) are involved in the regulation of non-rapid eye movement sleep (NREMS). Previous studies demonstrate that mice lacking the IL-1b type 1 receptor spend less time in NREMS during the light period, whereas mice lacking the p55 (type 1) receptor for TNFa spend less time in NREMS during the dark period. To further investigate roles for IL-1b and TNFa in sleep regulation we phenotyped sleep and responses to sleep deprivation of mice lacking both the IL1b receptor 1 and TNFa receptor 1 (IL-1R1/TNFR1 KO). Male adult mice (IL-1R1/TNFR1 KO, n = 14; B6129SF2/J, n = 14) were surgically instrumented with EEG electrodes and with a thermistor to measure brain temperature. After recovery and adaptation to the recording apparatus, 48 h of undisturbed baseline recordings were obtained. Mice were then subjected to 6 h sleep deprivation at light onset by gentle handling. IL-1R1/TNFR1 KO mice spent less time in NREMS during the last 6 h of the dark period and less time in rapid eye movement sleep (REMS) during the light period. There were no differences between strains in the diurnal timing of delta power during NREMS. However, there were strain differences in the relative power spectra of the NREMS EEG during both the light period and the dark period. In addition, during the light period relative power in the theta frequency band of the REMS EEG differed between strains. After sleep deprivation, control mice exhibited prolonged increases in NREMS and REMS, whereas the duration of the NREMS increase was shorter and there was no increase in REMS of IL-1R1/TNFR1 KO mice. Delta power during NREMS increased in both strains after sleep deprivation, but the increase in delta power during NREMS of IL-1R1/TNFR1 KO mice was of greater magnitude and of longer duration than that observed in control mice. These results provide additional evidence that the IL-1b and TNFa cytokine systems play a role in sleep regulation and in the alterations in sleep that follow prolonged wakefulness.
Introduction
Cytokines are a family of proteins known best as signaling molecules involved in responses to, and regulation of, local and systemic inflammatory responses. Although most cytokines have been discovered in the peripheral immune system, the presence of several cytokines and their receptors within the central nervous system (CNS) has been widely demonstrated (Breder et al., 1988; Benveniste, 1992; Schöbitz et al., 1994; Eriksson et al., 2000) . We now know cytokines are involved in multiple central nervous system (CNS) processes (Dantzer, 1994; Krueger et al., 2001; Dantzer, 2006) .With respect to the regulation of sleep, two cytokines, interleukin-1b (IL-1b) and tumor necrosis factor a (TNFa), have been studied extensively. Data demonstrate these cytokines are involved in the regulation of normal, physiological non-rapid eye movement sleep (NREMS) in the absence of immune challenge (Krueger et al., 2001; Opp, 2005) .
